Abstract. The data of the X-ray flare events of class M ≥ 1 during the interval of 1987 to 1992 corresponding to the maximum period of the 22nd solar cycle have been investigated to study the North-South (N−S) and WestEast (W−E) asymmetries. During that period it has been shown the existence of a real N−S asymmetry. That confirms recent studies done by using other indicators, such as sunspot areas (Oliver & Ballester 1994) . The E−W asymmetry during that period is not significant but a non uniform flare distribution in longitude has been evidenced. That result is also in good agreement with the work made by Joshi (1995) using Hα flares for the same time period.
Introduction
Solar activity indications do not occur evenly on the solar disk. It is well known that many types of solar phenomena exhibit some N−S asymmetry distributions (Reid 1968; Hansen & Hansen 1975; Roy 1977; Swinson et al. 1986; Verma 1987; Verma et al. 1987; Garcia 1990; Oliver & Ballester 1994; Atac & Ozguc 1996; Joshi 1995; Heras et al. 1996) . One of the first studies concerning the N−S asymmetry was made by Newton & Milson (1955) , who studied the distribution of the yearly values of sunspot areas from 1874 to 1955. Later on, different studies of N−S Send offprint requests to: B. Schmieder asymmetry have been made based on different types of solar phenomena, relative sunspot numbers, sunspot areas, sunspot magnetic classes, sudden disappearances of solar filaments, type II radio bursts, white-light flares, gammaray bursts, hard X-ray bursts, events of coronal mass ejection, and X-ray flares (see the above references). These investigations have demonstrated the existence of a N−S asymmetry, its quasi periodic behavior of 11 years and its correlations with some phase difference with other physical phenomena. Although the existence of N−S asymmetry in solar activity is generally well established, it is not so well interpreted (Carbonell et al. 1993) . Garcia (1990) studied the N−S asymmetry of large flares based on X-ray observations from GOES satellites during Solar Cycles 20 and 21. He shows that the spatial distribution of flares varies with solar cycle such as that the preponderance of flares occurs in the North in the early part of the cycle and moves south as the cycle progresses. Bai (1987 Bai ( , 1988 remarked that active regions producing flares and active regions with low activity could originate from different levels of the convection zone. The first class of active regions could come from superactive zones with rotation periods substantially shorter than the Carrington rotation period and comparable to that of large scale magnetic polarity patterns (McIntosh 1981) . McIntosh et al. (1985) proposed that this large scale pattern is the result of giant convective cells. The association of these observations leads Garcia to think that flares originate in active regions anchored deep in the convection zone, may be at the boundary of giant cells. So there is, may be, a relationship between the asymmetries and giant convective cells. A global convection pattern was recently discovered by analysing the data of MDI aboard SOHO (Kosovitchev et al. 1997 ) and large torsional zones have been confirmed. The existence of the torsional oscillations could be related to the rolls defined by Ribes et al. (1993) using young spots as tracers. They show that the rolls parallel to the equatorial plane describe well the meridian circulation. The number of such convective rolls changes according to the phase of the solar cycle from 3 at the onset of the cycle to 1 at the decay of the cycle. Because the sun is a non rigid body in rotation, the meridian circulation has as a consequence the differential rotation of the surface due to the transport of momentum and magnetic activity. All these works would give a new view on the solar dynamo phenomenon.
On the other hand, Verma (1987) who was working on 3 Solar Cycles 19, 20 and 21 with different indicators found that asymmetries in all phenomena prevailed in the north during cycles 19 and 20 and in the south in cycle 21. This would indicate that superimposed on the well observed periodicities of 11, 22 years a much longer cycle of unknown duration does exist.
The existence of a E−W asymmetry is more controversial. During short periods (1978) (1979) (1980) heliolongitudinal distribution of intense flares shows an important asymmetry towards the east and it has been related to the large number of interplanetary shocks observed in the eastern hemisphere (Hewish & Bravo 1986) . Horas et al. (1990) found a pronounced asymmetry of flares and subflares between 1976-1985, although the asymmetry was much more important during periods close to the minimum of solar activity while around the maximum it was very small. Joshi (1995) using Hα flares found no E−W asymmetry for Solar Cycle 21 and a small asymmetry during the Solar Cycle 22. There is no obvious reason why the W−E asymetry should exist over a long period. Some ideas have been proposed to explain why we could find a E−W asymmetry. Some gravitational effects with the interaction of Jupiter have been suggested in the past but it does not seem very promising (Kleczek private discussion). An other possibility is the influence over a few solar rotations of the transit of active flaring regions on the solar disk (Heras et al. 1990 ). In fact preferred heliolongitudes for solar activity have recently been pointed out by Bai (1987 Bai ( , 1988 . Finally an other idea would be due to the pure geometry of the magnetic field in the sunspots. According to Bai (1988) and McIntosh (see above) the active regions are anchored deep in the convective zone. In these regions there are strong magnetic shears. The magnetic field lines when they emerge at the solar surface would have some inclination. So the area of sunspots could have different sizes in the western and in the eastern hemispheres according to the inclination of the field lines. If the angle is similar to this of the prominences, inclination of 15 degrees with the vertical towards the west (Tandberg-Hanssen 1974) , the area of the sunspots should be larger on the eastern than on the western side. Again this is a topics of great importance with the recent development of seismic approachs with SOHO/MDI (Braun et al. 1993) .
In this paper, we have used the data of the X-ray flares (M ≥ 1) during the maximum period of the 22nd solar cycle in order to investigate the behavior of asymmetries:
W−E asymmetry as well as N−S asymmetry in order to complement the work done by Garcia (1990) for the previous solar cycles and to compare with the results of Joshi (1995) and Heras et al. (1990) concerning Solar Cycle 22 but using other indicators. We also study distributions of the flares with respect to the longitude. We confirm our results by using probability laws in order to check if they could be obtained quite by chance.
Statistical analysis

X-ray flare data
The data used in this paper come from the collection of the X-ray M ≥ 1 flares (Li & Zhang 1994) , which collected all X-ray M ≥ 1 flare events listed in SGD (Solar Geophysical Data) in the time interval of 1 April 1987 to 30 December 1992 corresponding to the maximum period of the 22nd solar cycle. The table gives the following parameters of each flare event: date, beginning time, maximum time, ending time, X-ray class, and position on the solar disk. The total number of the considered flare events is 2052. The sample does not collect flare events before 1987 and after 1992, because their number was not large enough significant for a statistical analysis.
So we just use the data listed in their table and do not add any data to complete the analysis of an entire solar cycle. Table 1 gives the number of the flares classified by hemisphere and by X-ray class.
Here, S, N, E, and W stand for the southern, northern, eastern, and western hemispheres respectively; M and X stand for the X-ray flares of M and X classes (or importances) respectively; the last column gives the total number of the annual flare events, and the last row gives the total number in the flare-class within the considered six years.
Distributions of the flare events on the solar disk
N−S distribution
The spatial distribution of flares in heliographic latitude is usually studied to determine whether there is a N−S spatial asymmetry or not, and whether the asymmetry is dependent on the intensities of the flares, or any other associated characteristics. Figure 1 gives the annual number ratio of the flare events in the southern hemisphere (N S = 1226) to those in the northern hemisphere (N N = 826). There is no flare of X class occurring in 1987, here we let the value N S /N N of this year equal to 1 for the flares of X class. The same is N E /N W in Fig. 3 . Figure 1 clearly shows that the flare events in the southern hemisphere are much more numerous than those in the northern hemisphere in five years of the six for M class, X class, and M &X class respectively. The ratio of the total number of 1987 18  0  11  0  12  0  17  0  29  1988 111  10  81  3  112  3  80  10  205  1989 347  32  274  27  325  29  296  30  680  1990 121  2  151  14  142  11  130  5  288  1991 398  37  186  17  298  36  286  18  638  1992 142  8  58  4  80  1  120  11  212  total 1137  89  761  65  969  80  929 74 * The flare events are summed up into the numbers of this row only from 1 April 1987. * * Number in this column corresponds to the number of the flare events of each year, the half of the sum No. Fig. 1 . The annual number ratio of the flare events in the southern hemisphere (NS) to those in the northern hemisphere (NN). All flare events of M&X classes are considered in the dashed curve, those of M class in the dashed and dotted curve, and those of X class in the dotted curve the flare events in the southern hemisphere to that in the northern hemisphere is 1.49 for M class, 1.37 for X class, 1.48 for M &X class. An overall southern bias apparently prevailed in the solar cycle 22. The above numbers indicate that the flare events of M &X class in the southern hemisphere exceeded the events in the northern hemisphere by an unexpected large percentage 48.6% during the investigated interval. This is a strong N−S asymmetry. To be sure that this result cannot be obtained purely by chance we check by using probability laws an compute what would be the ratio of flares in the southern hemisphere to those in the northern hemisphere that we can expect only by chance. Let us consider a distribution of n objects (flares) in 2 classes. The probability that one flare (one object) occurs in one hemisphere (class one) by chance is p = 1/2. We use the following binomial formula to derive the probability P (k) of getting k objects in class 1 and n − k objects in class 2.
In our case for a total number n = N S + N N =2052, we have for example:
The probability to get more than d objects in one class is:
We have 1226 (class M + X) events occuring in the southern hemisphere, the probability to get such amount of events or even more by chance is P (≥ 1226) ∼ 10 −8 . 1137 events occurred in the southern hemisphere within the total 1898 events of M class, P (≥ 1137) ∼ 10 −8 . 89 events within the total 154 events of X class occurred in the southern hemisphere, P (≥ 89) = 0.026. The probability to get by chance more than 1226 flares in the southern hemisphere is very weak, more than 1137 M class flares is also weak, to get more than 89 X events is less than 3%. In general, when P (≥ d) < 5% we have a statistically significant result, and when P (≥ d) < 1% the result is highly significant. So the numbers 1.49, 1.48 and 1.37 are statistically significant. There really existed an N−S asymmetry for the flares of M class, for the flare events of X class, and for the total flare events of M &X class respectively.
These results are complimentary to several ones published recently. Oliver & Ballester (1994) and Atac & Ozguc (1996) stressed the dominance of southern hemisphere during most Solar Cycle 22 using sunspot areas and solar flare index, respectively. Such a result points out a possible trend in the behaviour of the N−S asymmetry.
If globally it is in good agreement with previous studies, we did not find any variation with the flare class and any relation with the magnetic field flux obtained by some of these studies. Garcia (1990) found that the degree of N−S asymmetry apparently is a function of the intensity of the studied events, and the most intense events show the largest amount of N−S asymmetry. This statement was valid for the solar Cycle 21 but according to our results it does not seem to be confirmed for Solar Cycle 22. Our statistical results show that the degree (36.9%) of N−S asymmetry for the flares of X class is smaller than the degree (49.4%) for the flares of M class. Howard (1974) ever studied solar magnetic flux data for the period 1967 to 1973. He found that the total flux in the northern hemisphere exceeded that in the southern hemisphere, but only by a small percentage 7%. The discrepancy between our results and the Heras's results could be due to the fact that in the upper latitude the N−S asymmetry flux is less pronounced than in the lower ones or more difficult to establish because of the weak statistics.
Further investigation of the relation between degree of N−S asymmetry and intensity of studied events is needed in future. Heliographic latitude of each flare event is plotted in Fig. 2 with respect to the date of occurrence. Southern heliographic latitudes take the negative sign in the figure. Several features and peculiarities are immediately apparent. At the beginning of the 22nd solar cycle, the X-ray M ≥ 1 flares occurred in the relatively high latitudes (above 20
• ), then, as the cycle is progressing, there was an obvious shift in the statistical centroïd position to the lower latitudes. The majority of the flare events occurred in the latitudes between 8
• and 35
• . Only 2 flares occurred in the latitudes over 40
• , and no flares occurred in the latitudes over 45
• . Garcia (1990) gave the distribution of M ≥ 1 flares from 1969 to 1984 with respect to the heliographic latitude in Figs. 2 and 3 of his paper and find similar results. The distribution in latitude of the flares is comparable to the sunspot distribution.
W−E distribution
The annual number ratio of the flare events in the eastern hemisphere (N E ) to those in the western hemisphere (N W ) is plotted in Fig. 3 . The flare events in the eastern hemisphere are more numerous than those in the western hemisphere in four years, which correspond to the maximum period. The ratio of the total number of flares in the eastern hemisphere to that in the western hemispheres is 969/929(=1.043) for M class, 80/74(=1.083) for X class, 1049/1003(=1.046) for M &X classses, and the corresponding actual probabilities P (≥ d) are 0.179, 0.314, and 0.155, respectively. In general, when P (≥ d) > 10% it implies a statistically insignificant result.
So the slight W−E asymmetry that we have found in the distribution of the X-ray M ≥ 1 flare events during the period of 1987 to 1992 cannot be considered significant in terms of W−E asymmetry. Heliographic longitude of each flare event is plotted in Fig. 4 with respect to the date of occurrence. Western heliographic longitudes take the negative sign in the figure. The events are spread in all the longitudes.
The χ 2 test can be used to check the null-hypothesis whether the longitude distribution of the events is due quite by chance. In order to check this point we divide firstly the events into nine longitude ranges, and the number f i of the events in each range is listed in Table 2 . Then we calculate the value of χ 2 :
fi n and n=9 . According to Eq. (3) and Table 2 we have χ 2 = 33.27. Looking at the tables of critical χ 2 with n − 1 degree of freedom corresponding to Fig. 3 . The annual number ratio of the flare events in the eastern hemisphere (NE) to those in the western hemisphere (NW). All flare events of M and X classes are considered in the dashed curve, those of M class considered in the dashed and dotted curve, and those of X class considered in the dotted curve our null hypothesis we find for example that the critical value of χ 2 distribution χ 2 0.005 (8) = 21.9, which is less than our value χ 2 . It means that the probability to have the observed distribution by chance is less than 5/1000. So, we can consider that the events are not uniformly distributed in the longitude.
Discussions and conclusions
In this paper, we use the data of the X-ray flare (M ≥ 1) events during the interval of 1987 to 1992 corresponding to the maximum period of the 22nd solar cycle in order to investigate the behavior of N−S and W−E asymmetries. In the present study we have found that the N−S asymmetry really existed for the flare events with the dominance of the southern hemisphere. The solar cycle 22 seems to have the same behaviour than the cycle 21 in respect to the N−S asymmetry. This study is complementary to the work of Garcia (1990) concerning his analysis using X-ray flares for Solar Cycles 20 and 21 and is in good agreement with studies of Solar Cycle 22 using different indicators (Verma 1992; Oliver & Ballester 1994; Joshi 1995) .
The distribution of the X-ray M ≥ 1 flares from 1987 to 1992 with respect to heliographic longitude shows that the flares were not uniformly distributed in longitude but we did not find any significant W−E asymmetry during the period, which confirms the results of Joshi (1995) for the same period of time.
The study of N−S asymmetry has to be continued in order to find some relationship between the existence of torsional oscillations observed by MDI on SOHO and the convection rolls suspected by Ribes et al. (1993) to explain the meridional circulation. All these studies would allow us to have a better insight into the solar dynamo system.
On the other hand, a long term study of N−S asymmetry has to be implemented to prove the existence of a long duration solar cycle superimposed to the 11 Solar Cycle which could correspond to the existence of a global magnetic field of long period variability (Verma 1987) .
